The clinical relevance of improved detection of cerebral microbleeds by using advanced-versus-conventional MR imaging techniques remains uncertain. As part of the population-based Rotterdam Scan Study, we compared whether participants whose microbleeds were only demonstrated on a high-resolution MR imaging sequence differed with respect to risk profile and risk of new microbleeds from participants whose microbleeds were also depicted on a conventional MR imaging sequence.
T
here is increasing evidence that CMBs mark underlying vasculopathy 1 and that their presence may have important prognostic implications. 2 Previously, it has been reported that the choice of MR imaging parameters and a higher field strength and the use of advanced postprocessing (eg, SWI) substantially affect detection of CMBs. [3] [4] [5] Recently, data from patients in memory clinics suggested that though SWI detected more CMBs in more patients compared with conventional T2*-weighted GRE imaging, clinical relevance in terms of associations with vascular risk factors or radiologic markers of small-vessel disease was not increased. 6 The risk profile of participants who were classified as having microbleeds based only on SWI, however, remained unclear. This group is of interest because it is uncertain whether hypointensities detected only on high-end sequences and not on conventional imaging are either artifacts or very small microbleeds that may not have the same relevance as larger microbleeds. 6, 7 In addition to studying the risk profile in this specific group, an ideal proof of concept would be to investigate their risk of developing new microbleeds with time.
Using data from the population-based Rotterdam Scan Study, we compared whether participants whose microbleeds were depicted only on a high-resolution MR imaging sequence differed with respect to vascular risk factors, APOE allele status, and/or markers of small vessel disease from participants whose microbleeds were also demonstrated on a conventional sequence. Moreover, we examined whether these participants had an increased risk of incident microbleeds during a 3-year follow-up period.
Materials and Methods

Participants
In 2006, 254 participants from a larger population-based prospective cohort-the Rotterdam Study-were eligible for the present brain MR imaging study. 4 Institutional review board approval was ob- 
Rating of Cerebral Microbleeds
Imaging was performed on a 1.5T MR imaging scanner (GE Healthcare, Milwaukee, Wisconsin). In 2006, in all participants, conventional 2D T2*-weighted imaging (TR ϭ 775 ms; TE ϭ 20 ms; flip angle ϭ 25°; section thickness ϭ 5 mm) and higher resolution 3D T2*-weighted imaging (TR ϭ 45 ms; TE ϭ 31 ms; flip angle ϭ 13°; parallel imaging acceleration factor ϭ 2; section thickness ϭ 1.6 mm, zero padded to 0.8 mm) were performed. Follow-up imaging was conducted from 2009 to 2010 on the same 1.5T scanner by using the above-described 3D T2*-weighted sequence. Both sequences performed at baseline were reviewed in the acquired resolution according to international guidelines. 8 In brief, 2
trained raters recorded the presence, number, and location of cerebral microbleeds. Reviewers were blinded to the other sequence and to all clinical information, and scans were read in random order (interobserver reliabilities, ϭ 0.80 -0.90). All studies with potential microbleeds were reviewed for confirmation by an experienced neuroradiologist. At this time, the T1-weighted images were used additionally to differentiate microbleeds from calcification in the ventricle or sulcal vessels. Differences between 2D and 3D images were assessed in a side-by-side comparison. Assessment of incident microbleeds on 3D T2*-weighted images was performed in a side-by-side comparison blinded to the time point of the scans. 
Assessment of Risk Profile
Cardiovascular risk factors were assessed by interview and by laboratory and physical examination as previously described. 1 APOE genotyping was performed on coded genomic deoxyribonucleic acid samples. Lacunar infarcts were scored as present or absent on FLAIR, proton-density-weighted, and T1-weighted MR imaging sequences (all viewed together) by the same raters who had scored CMBs. Lacunar infarcts were defined as focal lesions Ն3 mm and Ͻ15 mm with the same signal characteristics as CSF on all sequences and (when located supratentorially) with a hyperintense rim on the FLAIR sequence. 1 White matter lesion volume was quantified with a validated fully automated tissue-classification technique.
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Statistical Analysis
Participants were categorized at baseline as having "no CMBs" (no microbleeds on either 2D or 3D T2*GRE), "CMBs on 3D but not 2D" (Ն1 microbleed on 3D T2*GRE but no microbleeds on the 2D T2*GRE), and "CMBs on 2D and 3D " (Ն1 microbleed on both 2D T2*GRE and 3D T2*GRE sequences). We reported the prevalence of vascular risk factors, APOE allele status, and markers of cerebral small-vessel disease among these different categories. Furthermore, we assessed associations of these correlates with the prevalence of CMBs in these categories by using binary logistic regression models with risk factors as covariates and the presence of microbleeds (no/ yes) as dependent variables. All models were adjusted for age and sex. In addition, we assessed, for each category, the risk of incident CMBs with binary logistic regressions adjusted for age, sex, and scan interval.
Results
CMBs were detected on the 2D T2*-weighted images of 42 (21%) participants and on the 3D T2*-weighted images of 71 (35.5%) participants (difference, P Ͻ .001). This resulted in 29 participants in the category CMBs on 3D, but not 2D, and 42 participants in the category CMBs on 2D and 3D. No CMBs were visualized on the 2D T2*-weighted images that were not detected on the 3D T2*-weighted images. The median number of microbleeds was 1.0 (mean, 7.6; interquartile range, 1.0 -4.0) on the 2D T2*-weighted images, whereas this number was 2.5 (mean, 9.9; interquartile range, 1.0 -9.5) on the 3D T2*-weighted images (Fig 1) . 4 The distribution of microbleeds in lobar, deep, or infratentorial locations was similar between both sequences. 4 The Table shows the association of vascular risk factors, APOE allele status, and markers of small-vessel disease with the presence of microbleeds within the aforementioned categories of CMB detection levels. There were no significant associations between any of these factors and microbleed pres- ence in the CMBs on 3D but not 2D category. However, the estimates for sex, blood pressure, and serum cholesterol of participants in the CMBs on 3D but not 2D category were remarkably similar to those in the CMBs on 2D and 3D category, whereas estimates for hypertension, APOE 4 carriership, presence of lacunar infarcts, and white matter lesion volume of this CMBs on 3D but not 2D category were between those of participants without microbleeds and persons with microbleeds on both sequences (Table) .
Moreover, significantly more participants in the CMBs on 3D but not 2D category developed new CMBs during follow-up compared with participants without CMBs (25.0% versus 5.9%; OR, 5.98; 95% CI, 1.35-26.49). For persons in the CMBs on 2D and 3D category, this risk was approximately 2-fold higher (40%; OR, 12.77; 95% CI, 3.08 -52.93).
Discussion
During the past 5 years, several studies have demonstrated that improved MR imaging techniques (eg, higher field strength, higher resolution, or use of advanced postprocessing) yield a higher detection rate of cerebral microbleeds compared with conventional T2*-weighted MR imaging. [3] [4] [5] It is debated, however, whether hypointensities detected only on "highend" sequences have the same significance as microbleeds detected on conventional MR imaging. Recently, Goos et al 6 concluded that though more CMBs in more patients were detected by using more advanced imaging (SWI) compared with conventional imaging techniques, this improved detection had no improved clinical relevance in terms of associations with vascular risk factors or radiologic markers of small-vessel disease. They hypothesized that larger CMBs readily detectable on conventional imaging may serve as a small-vessel disease marker, whereas perhaps smaller lesions, visible on SWI only, may only do so to a lesser extent. 6 We performed a similar comparison between a conventional and a higher resolution T2*-weighted MR imaging sequence, and we found that participants who were rated positive for microbleed presence only on the high-resolution sequence were more alike in risk profile to persons who had microbleeds on both imaging sequences than to persons without microbleeds. Due to small numbers, however, most associations of risk factors with microbleed presence did not reach significance in the present dataset. It was previously shown in a larger cohort, however, that all of these risk factors were significantly related to microbleed presence. 1, 11 We found that risk estimates in persons who were rated positive for microbleeds only on high-resolution imaging were either remarkably similar or slightly lower compared with persons with microbleeds on both image sequences. This finding supports the hypothesis that there is less severe underlying vasculopathy in this group compared with participants who had CMBs depicted on both image sets, but again, power issues need to be considered.
In the present study, of the 200 participants with a baseline MR imaging examination, 108 persons had a complete and reliable follow-up MR imaging examination (54%). This rate is comparable with other large population-based studies, (eg, the Cardiovascular Health Study, in which 58% of participants underwent follow-up MR imaging after 5 years; and the Atherosclerosis Risk in Communities Study, in which 61% of participants underwent follow-up MR imaging after 10 years), 12, 13 especially in the light of the high mean age (79.2 years at baseline) of our study participants. Selective drop-out may have influenced our results regarding the incidence of microbleeds. People who participated in follow-up MR imaging were younger and healthier compared with those who refused a second MR imaging scan or, in particular, were ineligible for MR imaging. This may have led us to underestimate the true incidence of microbleeds in the population at large. Despite this, participants rated positive for microbleed presence only on the high-resolution sequence had a significantly increased risk of incident microbleeds during a 3-year time interval, further supporting true underlying vasculopathy in this group. Because follow-up imaging was performed by using only the high-resolution MR imaging, we were not able to compare the incidence of microbleeds on the conventionalversus-higher-resolution T2*-weighted MR imaging sequence and, therefore, cannot exclude the possibility that the incident microbleeds detected on high-resolution images may be related to a less severe or different form of vasculopathy com- pared with incident microbleeds depicted on conventional T2*-weighted images. We agree with Goos et al 6 that CMBs may be considered the "tip of the iceberg " for underlying vascular pathology and that more sensitive MR imaging sequences-or, for example, higher field strengths-may reveal the larger iceberg. Our results suggest, however, that the larger "tip " that we identify by using an advanced MR imaging sequence may provide clinically relevant information in community-dwelling elderly.
Conclusions
Improved detection of CMBs may contribute to more accurate identification of persons with underlying vascular pathology in the general elderly population, which is increasingly important in clinical practice, as well as in clinical trials. Further studies are needed to replicate these findings and firmly establish the role of improved detection of CMBs in the identification of persons with vasculopathy.
